Abstract: Cryoglobulinemia is characterized by a wide range of causes, symptoms, and outcomes. Hepatitis C virus (HCV) infection is detected in 30%Y100% of patients with cryoglobulins. Although more than half the patients with cryoglobulinemic vasculitis present a relatively benign clinical course, some may present with potentially lifethreatening situations. We conducted the current study to analyze the clinical characteristics and outcomes of HCV patients presenting with life-threatening cryoglobulinemic vasculitis. We evaluated 181 admissions from 89 HCV patients diagnosed with cryoglobulinemic vasculitis consecutively admitted to our department between 1995 and 2010. In addition, we performed a systematic analysis of cases reported to date through a MEDLINE search.
INTRODUCTION

C
ryoglobulins are immunoglobulins that precipitate in vitro at temperatures less than 37-C and redissolve after rewarming. 78 Cryoglobulinemia refers to the presence of cryoglobulins in serum, while the terms cryoglobulinemic disease or cryoglobulinemic vasculitis are used to describe patients with symptoms related to the presence of cryoglobulins, since many patients with cryoglobulinemia remain asymptomatic. 78 Cryoglobulinemic vasculitis mainly affects the small and, less frequently, medium-size arteries and veins, 29 which are thought to be damaged by the deposition of immune complexes on their walls, with the subsequent activation of the complement cascade. 90 The distinctive etiopathogenic feature of cryoglobulinemia is an underlying B-cell clonal expansion that mainly involves rheumatoid factor-secreting cells. 79, 87 Cryoglobulins have been observed in a wide variety of diseases, principally infections, neoplasia, and systemic autoimmune diseases. 1, 30 A viral origin of cryoglobulinemia was long suspected, but it was not until the early 1990s that evidence emerged of a close relationship with the hepatitis C virus (HCV), 1, 30, 76 which is responsible for more than 80% of cases. In 1966, Meltzer et al 58 described the typical clinical symptoms associated with cryoglobulinemia (purpura, arthralgia, and weakness). Subsequent studies have described a broad spectrum of clinical features involving the skin, joints, kidneys, and nervous system. 45, 46, 70, 78, 94, 97 Although more than 50% of patients with cryoglobulinemia have a relatively benign clinical course with a good prognosis and survival, 31 some may present with potentially life-threatening situations involving the internal organs and resulting in progressive (renal involvement) or acute (pulmonary hemorrhage, gastrointestinal ischemia, central nervous system ECNS^involvement) organ damage as occurs in other systemic vasculitides. 37 Ferri et al 31 found that 35% of patients with cryoglobulinemic vasculitis had a moderate-to-severe clinical course, with the prognosis being severely affected not only by cryoglobulinemic involvement, but also by associated processes such as HCV-related chronic liver disease. In a previous study, 77 we found life-threatening cryoglobulinemia in 14% of patients with cryoglobulinemic syndrome, irrespective of the underlying etiologies, with a differentiated prognosis according to the organ involved. It remains unclear why some patients present with this severe form of vasculitis, and there is very limited information on the clinical presentation and prognosis of these patients. We conducted the current study to analyze the clinical characteristics and outcomes of HCV patients presenting with lifethreatening cryoglobulinemic vasculitis.
METHODS
Definition of Life-Threatening Cryoglobulinemia
The following organ involvements were considered to be potentially life-threatening in HCV patients with cryoglobulinemic vasculitis according to previous reports: 77, 97 a) Renal failure: cryoglobulinemic glomerulonephritis presenting with raised serum creatinine 9 1.5 mg/dL; glomerular disease was diagnosed by renal biopsy and classified as membranoproliferative glomerulonephritis, mesangial proliferative glomerulonephritis, or focal proliferative glomerulonephritis. b) Gastrointestinal involvement of the esophagus, stomach, small and large intestine, or any intraabdominal viscera, presenting as gastrointestinal hemorrhage, intestinal ischemia, acute pancreatitis, or acute cholecystitis. c) Pulmonary hemorrhage leading to respiratory failure, in the absence of pulmonary edema, adult respiratory distress syndrome, infectious pneumonia, lung cancer, or granulomatous disease. d) CNS involvement: cerebral ischemia (in the absence of hypercoagulability or previously diagnosed cerebrovascular disease), cerebral hemorrhage, spinal cord or cranial nerve involvement. e) Cardiac involvement: coronary involvement leading to myocardial infarction, in the absence of cardiovascular disease. The 1996 Five-Factor Score (FFS) and the Birmingham Vasculitis Activity Score (BVAS), which are used to score the severity of systemic necrotizing vasculitides, 40, 53 were retrospectively measured at diagnosis of life-threatening involvement .
Selection of Cases
Patients
We evaluated 89 patients diagnosed with cryoglobulinemic vasculitis consecutively admitted to our department between 1995 and 2010. All patients fulfilled the 2010 classification criteria for cryoglobulinemic vasculitis. 23 We reviewed clinical charts of the 181 admissions of these patients searching for lifethreatening presentations of cryoglobulinemia according to the above-mentioned definitions. We identified 37 patients with 43 admissions due to life-threatening cryoglobulinemia, of whom 30 had HCV-related cryoglobulinemia (the remaining 7 had essential cryoglobulinemia).
Literature Review
In addition to the cases identified in our department, we systematically analyzed cases reported to date through a MEDLINE (National Library of Medicine, Bethesda, MD) and EMBASE (Elsevier) search. a) Search strategy: We searched MEDLINE using the MeSH term cryoglobulinemia combined with the following MeSH terms: kidney failure, lung diseases, gastrointestinal diseases, central nervous system, and heart failure with these PubMed restrictions: date (January 1, 1990, to June 15, 2010), species (humans), and age (all adult). b) Eligibility criteria: Studies were eligible when 1) the study population included adults with cryoglobulinemic vasculitis that fulfilled the definitions included in the clinical and laboratory items of the 2010 classification criteria; 23 2) the patient/patients fulfilled the definition for at least 1 of the above-mentioned life-threatening presentations; 3) studies contained sufficient, clear information about the clinical characteristics and outcomes; and 4) patients had chronic HCV infection. c) Study selection: Three authors (SR, CD-L, XB) read the titles and abstracts (if available) identified by the search and selected studies that might comply with the eligibility criteria. Five authors (SR, CD-L, XB, AB, PB-Z) fully reviewed the selected studies to determine criteria fulfillment, and disagreements were discussed among all authors until consensus was reached. We also searched the reference lists of relevant articles retrieved. Figure 1 shows a flow diagram of the MEDLINE literature search.
Statistical Methods
Categorical data were compared using the chi-square test. The Fisher exact test was used to confirm statistical differences where sample sizes were small. Continuous variables were analyzed using the Student t-test in large samples of similar variance, with results indicated as mean T standard error of the mean (SEM), and the nonparametric Mann-Whitney U test for small samples, with results indicated as median and interquartiles. A 2-tailed value of p G 0.05 was taken to indicate statistical significance. When several independent variables appeared to have statistical significance in the univariate analysis, a multivariate Cox regression analysis was performed using a backward conditional stepwise method allowing adjustment for age, sex, and the variables that were statistically significant in the univariate analysis. The hazard ratios (HRs) and their 95% confidence intervals (CIs) obtained in the adjusted regression analysis were calculated. KaplanYMeier survival curves were compared using the log-rank and Breslow tests. The statistical analysis was performed with the SPSS program (SPSS 18.0, Chicago, IL).
RESULTS
Clinical Description
A total of 279 patients (30 from our department and 249 from the literature search) 2Y9,11,12,15Y19,24,25,27,32,33,35,36,38, 39 ,42Y52,54,55,59Y75,81,82,84Y86,89,91Y95,98Y100 fulfilled the inclusion criteria (Table 1 ). There were 146 (52%) female patients and 133 (48%) male, with a mean age at diagnosis of cryoglobulinemia of 54 years (range, 25Y87 yr) and a mean age at lifethreatening involvement of 55 years (range, 25Y87 yr). In 232 (83%) patients, life-threatening involvement was the first clinical manifestation of cryoglobulinemia. In the remaining cases, severe involvement appeared a mean of 1.2 years (range, 1Y11 yr) after the diagnosis of cryoglobulinemic vasculitis. In 207 (74%) patients, the clinical presentation required emergency room admission. Only 109 (39%) patients had positive cryoglobulins before the life-threatening presentation. In 92 (33%) patients, HCV infection was discovered due to the life-threatening presentation of cryoglobulinemic vasculitis.
Fifty-five (20%) patients had other diseases associated with cryoglobulinemia in addition to chronic HCV infection, including human immunodeficiency virus (HIV) infection (n = 25), chronic hepatitis B virus (HBV) infection (n = 7), systemic autoimmune diseases (n = 15), and neoplasia (n = 8). Treatment of life-threatening cryoglobulinemia included corticosteroids in 167 cases, plasma exchanges in 148, immunosuppressive agents in 83, rituximab in 24, and infliximab in 2 cases. Antiviral therapy was administered in 157 patients (interferon EIFN->m onotherapy in 83, and combined IFN-> and ribavirin in 74).
Renal Failure Due to Glomerulonephritis
Of the 205 patients with biopsy-proven cryoglobulinemic glomerulonephritis 3Y8,12,16,18,19,24,25,36,39 (Table 2) , 106 were male and 99 were female, with a mean age of 50 years at diagnosis of cryoglobulinemic vasculitis and 52 years at diagnosis of glomerulonephritis. The clinical presentation was nephrotic syndrome in 96 (47%) patients and nephritic syndrome (proteinuria, hypertension, general edema) in 19 (9%), while the remaining 90 (44%) patients had an indolent presentation with asymptomatic raised creatinine levels. Renal biopsy disclosed membranoproliferative glomerulonephritis in 175 (85%) cases, mesangial proliferative glomerulonephritis in 15 (7%), focal proliferative glomerulonephritis in 10 (5%), and other histopathologic lesions in 5 (2%) patients.
Specific treatment for cryoglobulinemia consisted of combined therapy including antiviral agents in 121 cases (59%), plasma exchange in 110 (54%), corticosteroids in 95 (47%), immunosuppressive agents in 50 (24%), hemodialysis in 26 (13%), and biological agents in 13 cases (6%) (rituximab in 12 and infliximab in 1). After a mean follow-up of 13.2 months (range, 3Y120 mo) from the diagnosis of glomerulonephritis, 39 (19%) patients developed chronic renal failure and 10 (5%) evolved to end-stage renal disease. Baseline renal function was associated with survival. In comparison with survivors, patients who died had higher baseline levels of serum creatinine (2.03 T 0.76 mg/dL vs. 2.40 T 0.20 mg/dL; p = 0.044) and glomerular filtration rate (GFR) estimated by the Modification of Diet in Renal Disease (MDRD) formula (38.37 T 1.01 vs. 30.67 T 1.48; p G 0.001). We also analyzed the influence of each therapy on the main outcomes (chronic renal failure defined as serum creatinine 9 2 mg/dL at the end of follow-up, and death). With respect to renal outcome, patients with chronic renal failure were treated less frequently with antiviral therapies ( p = 0.008). Patients who died had more frequently received corticosteroids ( p = 0.001), immunosuppressants ( p = 0.024), plasma exchanges ( p = 0.043) and hemodialysis ( p = 0.043), results that may have been related to a more severe clinical presentation. In contrast, patients who died had less frequently received antiviral therapies ( p G 0.001).
Gastrointestinal Vasculitis
Gastrointestinal involvement was the second most frequently reported life-threatening cryoglobulinemic presentation (Table 3 ). There were 25 female patients and 20 male, with a mean age of 54 years at diagnosis of cryoglobulinemic vasculitis and 57 years at diagnosis of gastrointestinal vasculitis. The mean time between diagnosis of cryoglobulinemia and life-threatening involvement was 35 months. The clinical presentation included intestinal ischemia in 38 (84%) patients, abdominal pain in the upper right quadrant suggestive of cholecystitis in 3 (7%), cryoglobulinemic pancreatitis in 3 (7%), and cryoglobulinemic vasculitis of the adnexa and greater omentum in 1 (2%) patient. Clinical symptoms included severe abdominal pain and general malaise in 39 patients, bloody stool in 9, intestinal perforation in 3, hematemesis in 2, and hypermenorrhagia in 1 patient. Intestinal vasculitis was confirmed histopathologically in 23 patients; in 6 patients, gastrointestinal involvement was confirmed by endoscopy, in 2 by endoscopic retrograde cholangiopancreatography, and in the remaining 14 patients the diagnosis was based on the clinical and laboratory features. Treatment included corticosteroids (n = 36), immunosuppressive agents (n = 17), antiviral agents (n = 20), surgery (n = 12), plasma exchanges (n = 10), and rituximab (n = 9).
CNS Involvement
Thirty-eight patients had cryoglobulinemic CNS involvement 2, 3, 6, 8, 9, 15, 17, 27, 32, 35, 39, 42, 47, 51, 59, 68, 70, 72, 77, 81, 95, 100 (Table 4 ). There were 21 female patients and 17 male, with a mean age of 52 years at diagnosis of cryoglobulinemic vasculitis and 54 years at diagnosis of CNS cryoglobulinemic involvement. The clinical presentation consisted of hemiplegia in 18 (47%) patients, coma in 8 (21%), visual impairment in 6 (16%), encephalopathy in 5 (13%), seizures in 4 (10%), paraplegia in 3 (8%), disturbances of the bladder in 3 (8%), and generalized pyramidal syndrome in 3 patients (8%). CNS involvement consisted of cerebral ischemia in 18 (47%) cases, CNS vasculitis in 15 (40%) (demonstrated by magnetic resonance imaging EMRI^in all patients and postmortem studies in 4), transverse myelitis in 4 (10%), and cerebral hemorrhage in 2 (5%) patients. Treatment included corticosteroids (n = 33), immunosuppressive agents (n = 20), plasma exchange (n = 17), antiviral agents (n = 13), and biological therapies (n = 2). After a mean follow-up of 16 months (range, 6Y84 mo) from the diagnosis of CNS involvement, 5 patients had established neurologic impairment (pyramidal syndrome and paraplegia in 2; pyramidal syndrome in 1; dysbasia, dysarthria, and spasticity in 1; and sensory alteration in 1).
Pulmonary Hemorrhage
Eighteen patients presented with pulmonary hemorrhage 3, 38, 43, 47, 69, 71, 77, 84, 85, 92, 93 (Table 5 ). There were 11 female patients and 7 male, with a mean age of 56 years at diagnosis of cryoglobulinemic vasculitis and 58 years at diagnosis of pulmonary hemorrhage. The clinical features included respiratory failure in 11 (61.1%) patients, hemoptysis in 9 (50%), and dyspnea in 6 (33.3%) patients. All patients showed pulmonary infiltrates in the chest X-ray and required admission to the intensive care unit. Thirteen (72%) patients concomitantly had glomerulonephritis. Treatment included intravenous methylprednisolone (n = 18), immunosuppressive agents (n = 9), plasma exchanges (n = 8), antiviral agents (n = 6), and biological therapies (n = 2).
Cardiac Involvement
Three cases of cryoglobulinemic cardiac involvement have been reported. 81 All 3 were male, with a mean age of 60 years at diagnosis of cryoglobulinemic vasculitis and 63 years at diagnosis of myocardial involvement. All 3 patients presented with ischemic heart attack demonstrated by arteriography. No patient had associated cardiovascular risk factors. Other cryoglobulinemic manifestations included purpura, peripheral neuropathy, joint involvement, and Raynaud phenomenon in all patients. Treatment consisted of high-dose corticosteroids (1Y1.5 mg/kg per d) and plasma exchange in all patients.
Activity, Survival Analysis, and Risk Factors
At diagnosis, the mean FFS score was 1.58 T 0.31 and the mean BVAS score was 15.00 T 0.30. Patients were followed for a mean of 14 months (range, 3Y120 mo) after the diagnosis of life-threatening cryoglobulinemia. Sixty-three patients (22%) died. The stated cause of death was sepsis in 26 (41%) cases, cryoglobulinemic vasculitis (multisystem vasculitis in 8, chronic renal failure in 5, ischemic colitis in 4, pulmonary hemorrhage Figure 2 shows the survival rate of the entire cohort (77%). KaplanYMeier survival plots of patients classified according to the organ involved (renal, gastrointestinal, pulmonary, cardiac, CNS, and multiple organ life-threatening involvement) are shown in Figure 3 . The poorest survival rates were observed in patients presenting with multiple involvement and those with pulmonary involvement (log rank and Breslow tests G0.001). Antiviral therapy was used in 157 patients (83 received monotherapy with IFN-> and 74 received combined therapy with IFN-> and ribavirin); life-threatening involvement occurred after or during the administration of antiviral therapy in 25 patients. Adjusted multivariate Cox regression analysis identified age (HR, 1.036; 95% CI, 1.007Y1.067; p = 0.016) and use of antiviral therapy (HR, 0.296; 95% CI, 0.162Y0.540; p G 0.001) as the baseline risk factors at diagnosis associated with survival. Figure 4 shows the KaplanYMeier survival plots of patients classified according to the use of antiviral therapy.
DISCUSSION
The prevalence of HCV infection in cryoglobulinemic patients ranges between 30% and 100%, with the highest prevalence found in Mediterranean countries. 78 Conversely, between 12% and 56% of HCV-infected patients have circulating cryoglobulins, with the frequency also being highest in Mediterranean patients. 78 However, only 5%Y10% of HCV patients with cryoglobulinemia are estimated to have symptomatic disease. 87 The severity of the cryoglobulinemic disease varies widely, with nearly half the cases having chronic disease with no vital organ involvement, one-third having moderate-to-severe disease, and less than 15% presenting with sudden, life-threatening disease. 78 The most frequent type of life-threatening presentation identified in the current study was renal failure caused by cryoglobulinemic glomerulonephritis, with 20% of patients developing chronic renal failure and 5% progressing to endstage renal disease. Studies have suggested that cryoglobulinemic glomerulonephritis significantly affects the prognosis and survival and is a major cause of death, either directly or secondary to infection or cardiovascular disease, with series from the 1990s showing 10-year survival rates ranging between 33% and 49%. 31, 94 However, authors of a 2007 multicenter Italian study 83 including 146 patients with cryoglobulinemic glomerulonephritis reported a better survival rate of nearly 80%, probably due to improved therapeutic management. We found a survival rate of 70% in HCV patients presenting with renal failure, with cryoglobulinemic involvement contributing directly to death in less than 10% of cases, and with cardiovascular disease and infection being the most frequent causes of death, as found by the largest reported series of patients with cryoglobulinemic glomerulonephritis. 83, 94 In 2002 Beddhu et al 6 reported that all their cryoglobulinemic patients whose serum creatinine doubled or who progressed to end-stage renal disease were HCV positive, suggesting that HCV-related cryoglobulinemic glomerulonephritis seems to have a poor prognosis compared with non-HCV cryoglobulinemia. However, more recently, Matignon et al 56 found that 10% of non-HCV patients with cryoglobulinemic glomerulonephritis entered end-stage renal failure, a percentage double that found in our study in HCV patients presenting with renal failure, suggesting that the prognosis may have improved in HCV patients, possibly related to the progressive standardization of the use of antiviral therapies.
Gastrointestinal vasculitis was the second most-frequently reported life-threatening situation, with more than 80% of patients presenting with intestinal vasculitis and with a mortality rate of 40%. A 2010 single-center study found a mortality rate of nearly 20% in 12 HCV patients presenting with gastrointestinal involvement. 96 This range of 20%Y40% is markedly better than the 87% we found in 2006 in patients with cryoglobulinemia of all etiologies, 77 which may have been due to various reasons: the majority of deaths were reported before the standardization of antiviral therapies; some cases were probably nonviral cryoglobulinemia, in which severe vasculitic involvement seems to be more frequent; 34 and possible delays in the diagnosis may have influenced the poor prognosis, as reported in systemic lupus erythematosus patients with intestinal vasculitis. 57 We found nearly 40 cases of CNS involvement in HCV patients, a similar number to that reported for gastrointestinal involvement and twice that reported for pulmonary hemorrhage, suggesting that CNS vasculitic cryoglobulinemia may be more frequent than previously supposed. The main clinical presentations include stroke (overwhelmingly cerebral ischemia, with only 2 cases of cerebral hemorrhage) and CNS vasculitis, with a mortality rate of 34%. Casato et al 13 described a higher frequency of impaired cognitive function and MRI abnormalities in patients with HCV-related cryoglobulinemia compared with healthy controls or HCV patients without cryoglobulinemia, suggesting a potential role for cryoglobulins in CNS vasculitic damage. CNS cryoglobulinemic vasculitis should be included in the differential diagnosis of HCV patients presenting with focal neurologic deficits. 80 Although we found only 18 cases of pulmonary hemorrhage in HCV-related cryoglobulinemia, this vasculitic presentation had the highest mortality rate (80%). Some cryoglobulinemic patients survived the first episode of pulmonary hemorrhage but died after a second episode. These results confirm that cryoglobulinemic pulmonary hemorrhage, which has a very poor prognosis, as do other types of systemic vasculitis, is one of the main challenges in dealing with HCV patients. 14 The uncontrolled design of the current study is a limitation when generalizing the results to all HCV patients. We included only the most severe presentation of HCV-related cryoglobulinemia, thus creating a patient selection bias, and the clinical and therapeutic data were retrospectively collected. This makes it impossible to compare our results with those of controlled studies, a bias that, in our opinion, is very difficult to avoid due to the rarity of the life-threatening presentation of cryoglobulinemia. In addition, the heterogeneous therapeutic approaches may limit the accurate evaluation of the therapeutic response in these patients. Nevertheless, in spite of these limitations, we believe that the recruitment of 279 cases with this rare, very severe presentation represents a significant, representative number that provides useful information on the management of these patients.
The current results, which demonstrated a global mortality rate of about 25% (and of 950% in some types of involvement), emphasize that the optimal therapeutic strategy for lifethreatening cryoglobulinemic vasculitis remains to be defined. The clinical scenario is much more complicated when we consider that, for the majority of HCV patients, this lifethreatening involvement presentation was the first clinical manifestation of cryoglobulinemia. This suggests that some cryoglobulinemic HCV patients may have a higher risk of developing a catastrophic presentation of cryoglobulinemic vasculitis: in these patients, we found a more profound autoimmune response (higher levels of serum cryoglobulins and complement consumption). 77 In addition, we found significant differences according to the different life-threatening involvements. Pulmonary hemorrhage and multiple organ involvement should be considered as devastating situations with a mortality rate of 63%Y80%, with the majority of deaths caused by the vasculitic disease. In contrast, patients with renal cryoglobulinemic failure had a mortality rate of 15%, with the causes of death being unrelated to cryoglobulinemic vasculitis in most cases. Although the retrospective character of this study does not permit a differentiated analysis of the different therapeutic regimens used, the adjusted Cox regression model showed that the use of antiviral therapy was independently associated with survival, emphasizing the key role of antiviral therapy in HCV-related cryoglobulinemia. 10, 28, 88 In addition, we found a positive trend for the use of rituximab in the adjusted multivariate analysis, reinforcing the usefulness of B cell-depleting agents in cryoglobulinemia 22, 26 together with plasma exchange, as proposed for other systemic vasculitides. 41 In spite of the limited data and the lack of case-control studies, the high mortality rate of HCV-related life-threatening cryoglobulinemia suggests the use of an aggressive therapeutic schedule including a combination of immunosuppressive agents and plasma exchanges or rituximab, followed by antiviral therapy, 78 together with an exhaustive follow-up, especially of the development of nonvasculitic complications including infection, liver cirrhosis, and cardiovascular disease. 20, 21, 51 
